This study presented a comprehensive study of the distribution and function of an insertion sequence (IS) element, IS1237, in the genome of Leifsonia xyli subsp.
Introduction
Insertion sequence (IS) elements are mobile genetic elements that generally encode a transposase required for transposition. These elements vary in size from 0.7 to 3.5 kb and have imperfect terminal inverted repeat sequences (IRs) of 10 to 60 bp in length (30, 33). IS elements are found in genomes of a wide range of bacteria. They cause insertion mutations, genome rearrangements and help to mediate the spread of resistance and virulence determinants within and among species. In other cases, however, IS insertion also leads to the activation or alteration of the expression of adjacent genes (4, 5, 7, 19, 20, 30, 39) .
Leifsonia xyli subsp. cynodontis is a gram-positive coryneform bacterium that was originally isolated from the xylem of bermudagrass (Cynodontis dactylon L. Per.) (10, 11, 28). L. xyli subsp. cynodontis colonization does not cause bermudagrass decline or stunt symptoms (9). L. xyli subsp. cynodontis also colonizes and grows in the xylem vessels to a high titer in maize (Zea mays L.) when artificially inoculated (25). We recently found that colonization of L. xyli subsp. cynodontis in rice benefits the growth of some rice strains (27) cynodontis genome, and it has a high propensity to transpose into other IS elements, such as the newly identified ISLxc1 and ISLxc2, suggesting that this IS element may non-autonomously transpose with other active IS elements. Interestingly, we showed that IS1237 harbors a strong promoter at the 3' end and a weak one at the 5' end, and both promoters promote the transcription of the adjacent genes, suggesting the high copy number nature of IS1237 maybe a result of the contribution of its promoter to bacterial fitness. 
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Materials and methods
Strains, media and growth conditions. Escherichia coli strains DH5α and BL21 were used to construct plasmids and to express transposase in E. coli, respectively. L. xyli subsp. cynodontis strain #3 (10, 11), Corynebacterium glutamicum ATCC 13032
and Bacillus subtilis 168 (from China General Microbiological Culture Collection Center) were used to assay the promoter activity of IS1237. E. coli and B. subtilis were cultured in Luria broth at 37℃. C. glutamicum was cultured in Luria broth containing 0.5% glucose at 30℃. L. xyli subsp. cynodontis was cultured on DM agar at 30℃ (26). The concentrations of antibiotics used in this study were 60 µg/ml of ampicillin (Amp), 2.5 µg/ml of tetracycline (Tc), 25-50 µg/ml of kanamycin (Km) and 10 µg/ml of chloramphenicol (Cm).
Plasmids, DNA manipulation and plasmids construction. Plasmids used in this study are shown in Table 1 . Plasmids were extracted from B. subtilis and C. glutamicum by Alkaline lysis method except that 10 mg/ml lysozyme was added into lysis solution and incubated at 37 for 1 hour (34). Plasmid was released from L. xyli subsp.
cynodotis by STE method (6) and then transformed into E. coli for further characterization and identification. Transformation of, L. xyli subsp. cynodotis, B. subtilis and C. glutamicum was performed by electroporation as previously described (32, 2, 41).
To construct plasmids for the purpose of testing the transposition activity of IS1237 in E. coli ( Figure 1, Table 1 ), the wild type transposase gene were PCR amplified with primer d12-5' and d12-3' (Table 2) and pETIS3, respectively. These mutants are predicted to produce the full-length active transposase without frameshifting. The whole IS1237 sequence was cloned into pBAD33 at XbaI-HindIII sites to form pBADIS. Construction of plasmids pETIS1-IR, pETIS3-IR and pETIS3-IR was described in the results and discussions.
The E. coli-L. xyli subsp. cynodontis shutter vector pLC011 was constructed by cloning the 5 kb NcoI-EcoRI fragment of pCXC100 that containing the replication origin (26) first into the corresponding restriction sites of pET28a vector, and then the NcoI-HindIII fragment containing the NcoI-EcoRI fragment of pCXC100 from this intermediate construct was cloned into the corresponding restriction sites of pBR325.
Please be noted that the original EcoRI site of pBR325 was eliminated prior to the use of the vector in this cloning process.
A series of plasmids were also constructed to test whether IS1237 has promoter functions that affect the expression of the flanking genes (Table 1 and Figure 1 ). The full length IS1237 was PCR amplified using primer d5 and then cloned into pMD18-T vector followed by a sequence confirmation. Two clones pUCISD and pUCISR with IS1237 inserted with opposite orientation were obtained. Then the beta-glucuronidase gene (GUS) was cleaved by XbaI and EcoRI restriction enzymes and inserted into the corresponding sites in pUCISD and pUCISR, resulting in plasmids pUCISD-GUS and pUCISR-GUS. In pUCISD-GUS, the ORFs of IS1237 was in the same orientation as the GUS gene, while they were opposite in pUCISR-GUS. The GUS gene was also cloned into the XbaI-EcoRI sites of pMD18-T to construct pUC-GUS. An 850 bp of
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on June 26, 2017 by guest http://jb.asm.org/ Downloaded from unrelated fragment amplified from L. xyli subsp. cynodontis genome was cloned into pUC-GUS to form pUC9-GUS. The later two plasmids served as negative controls.
The IS1237-GUS cassettes were subsequently subcloned into pLC011 and E. coli-B. subtilis shuttle vector pBE2 (13) and E. coli-C. glutamicum shuttle vector pEC-K18mob2 (22) at the restriction sites indicated in Figure 1 to test the IS1237 promoter activity in L. xyli subsp. cynodontis, B. subtilis and C. glutamicum, respectively ( Table 1 ).
All the sequences of primers used in plasmid construction are listed in Table 2 .
TAIL PCR to obtain the upstream and downstream flanking sequences of

IS1237.
Thermal asymmetric interlaced (TAIL) PCR (29) was used to amplify DNA sequences flanking IS1237 integration sites on the L. xyli subsp. cynodontis genome.
TAIL-PCR utilizes three nested specific primers in consecutive reactions together with arbitrary degenerate (AD) primers to enhance the amplification efficiency of specific products. Specific primers d13, d14, d15 and four AD primers AD1, AD2, AD3 and AD4 were used to amplify the downstream flanking sequences of IS1237 in L. xyli subsp. cynodontis chromosome. Three specific primers d16, d17, d18 and four AD primers were used to amplify the upstream sequences. The specific primers were designed to have a Tm (60-65 ) higher than that of AD primers (45 ℃). The PCR reaction systems and cycling conditions were used as previously described (29). The PCR products were cloned into pMD18-T vector and sequenced. Database searches were performed using the BLAST program from the National Centre for 
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Promoter activity assay.
All B. subtilis and C. glutamicum strains containing corresponding plasmids were cultured overnight under appropriate conditions, while L. xyli subsp. cynodontis strains were grown on DM agar for 7 days. Cell pellets corresponding to 1 ml of OD 600 =5 each culture were collected by centrifugation at 10,000 rpm for 1 minute at 4 ℃ , and resuspended in 500 µl of distilled water. Then cells were broken by ultrasonication for 4 ms for 20 times at 40 W. The GUS activity was measured as previously described (8). The reaction was run for 6 h before an aliquot of 12.5 µl was transferred to 237.5 µl of stop buffer (0.2 M Na 2 CO 3 ) to stop the reaction. The light signals for all the tested bacterial strains were photographed.
5' RACE RT-PCR.
The total RNA of the strains containing corresponding plasmids were extract by hot phenol method. 5' RACE RT-PCR reaction was carried out to identify the 5' ends of mRNA initiated from the promoters. Firstly, the cDNA of GUS gene were produced by reverse transcriptase with primer GUS8. Then the cDNA was isolated using G-25 spin column (Roche) and poly(C) was added at the 5' end of the cDNA by terminal deoxynucleotidyl transferase (Takara, Dalian). The cDNA was then PCR amplified using primer GUS8 and a poly (G) primer AAP containing a stretch of unique sequence 5'-GGCCA CGCGT CGACT AGTAC GGGII GGGII GGGII G-3'. Nest-PCR was performed with primer GUS7 and AUAP to enhance the amplification efficiency of specific products. The PCR products were cloned into IS1237 IR sequence, primer d5, was used to amplify IS1237 related sequences from the genomic DNA of the plasmid-free L. xyli subsp. cynodontis strain #3 ( Fig. 2A) , and then cloned into the pMD18-T vector. Restriction digestion revealed that different sizes of IS1237 were amplified from the L. xyli subsp. cynodontis genome. The majority of clones yielded restriction fragments corresponding to the size predicted from the published IS1237 (0.9 kb) (24) and the other clones contained a shorter IS1237 (0.8 kb). Two clones of each IS1237 isoform were sequenced, which confirmed that the 0.9 kb IS1237 is identical to the previously published IS1237 and the 0.8 kb IS1237 is resulted from a 101-bp deletion inside of IS1237 ( Fig. 2A) . The ratio of the number of 0.8 kb to 0.9 kb IS1237 in the L. xyli subsp. cynodontis genome was then determined by PCR amplification using primers d3 and d4 that yielded 466 bp and 567 bp DNA bands readily separable on agarose gels (Fig. 3) . Quantification of those two bands on agarose gels by 1D 3.5 image analysis software (Kodak) revealed that the ratio of the deleted to the full-length IS1237 species in the L. xyli The lack of six amino acids at the carboxyl terminus and the stop codon of the toxin protein in the TA-3'IS1237 fusion cassette indicates that the TA cassette in pCXC100 might not function in supporting the plasmid stability in L. xyli subsp. cynodontis.
Precise fusion of the truncated forms of toxin-antitoxin and IS1237 at the upstream site-specific deletion site of IS1237 suggests this is a hot site for DNA rearrangement, and it is reasonable to suspect that the direct repeated sequences play a role in such a DNA rearrangement. belongs to the IS5 family, and it has been noted that most members of the IS427 subgroup of the IS5 family encodes two partially overlapping open reading frames in a potential -1 frameshift window (30). Therefore it is would be interesting to determine whether IS1237 transposase is produced by a +1 rather than a -1 frameshift.
No transposition activity of IS1237 was detected in E. coli
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Because convenient plasmid systems are not available for working in L. xyli subsp. cynodontis, the hypothesis of an active IS1237 was then tested in E. coli. If IS1237 transposes through a cut-and-paste mechanism, the transposition intermediates including a linear IS1237 or circular IS1237 with abutted terminal repeats being joined will be detected. As a result of the transposition, the donor plasmid losses the insertion sequence and the restriction site hosting the IS sequence will regenerated. In order to detect the transposition event, three plasmids containing the wild type and two mutant forms of the putative transposase genes of IS1237 in pET28a were constructed ( Figure 1 ). Both mutants (pETIS2 and pETIS3) allowed the production of the full-length putative transposase without a need of frameshifting. These plasmids were co-transformed with plasmid pBAD33 containing the complete IS1237 sequence.
If an active transposase was expressed upon IPTG induction, the circular transposition cynodotis that is highly homologous to Tn5564, and the newly identified ISLxc2 may transpose independently or together with IS1237. To examine if the putative IS1237 promoters at both ends could promote transcription bi-directionally, two IS1237-GUS elements in which IS1237 was placed in the same or opposite direction relative to the GUS gene were cloned into plasmid pLC011, pEC-K18mob2 and pBE2 for the promoter activity assay in L. xyli subsp.
cynodontis, C. Glutamicum and B. Subtili, respectively. Using the L. xyli subsp.
cynodontis strong promoter PIII and an unrelated 850-bp sequence as the positive and negative controls, respectively, Figure 7 shows that IS1237 promoted the expression of the GUS gene regardless of the orientations that it was inserted, but GUS activity was much stronger when using the downstream promoter than did the upstream one.
These results suggested that the promoters at both ends of IS1237 are capable of 
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